In this paper, a new method of detecting moving vehicles based on edged Gaussian mixture model is proposed. Firstly, mixture Guassian model is established for image edge processing according to the features of image edge information be not sensitive to sudden change of illumination intensity. And some parameters such as the mean vectors and variance vectors of the pixels are obtained from the model for moving vehicle shadows detection. Furthermore, through statistical approach moving vehicle shadows are removed based on the differences of brightness distortion between vehicle shadows and moving vehicles relative to background. Experiments show that the moving vehicle can be detected effectively even the illumination intensity changes suddenly.
INTRODUCTION
Real-time vehicle detection and shadows removes in video sequence are basic task. Adaptive Gaussian mixture background model (Stauffer, 1999 ) is excellent background model cause of its good analytic form and high operation efficiency. It is more suitable than single Gaussian models for high speed moving objects detection under outdoor environment where image background and illumination intensity changes slowly. However, low convergence speed is its main shortcoming especially as the illumination intensity suddenly changes. It can not adapt to these kinds of rapid changes and often take changing background pixels as moving objects, which makes the image foreground information confused and moving objects lost.
Recently, although several modified Gaussian models (Arandjelov & Cipolla, 2005; Chen, Chen, &He, 2007; Ma& Zhu, 2007; Chen& Zhou, 2007) have been developed this problem has not been solved effectively. In their models, the moving objects shadows are usually detected in HIS（Hue, Saturation Intensity）space or HSV (hue, saturation, value) space, which cause the objects detection and shadow removal need to be processed in different spaces and joined together by complicated space transform.
In this paper, a Gaussian mixture background model with image edge information is proposed. It is promised a better way to detect moving objects under the environment of illumination intensity suddenly change and to weaken the shadows of moving objects for image edge detection. Furthermore, using the parameters obtained during the modelling process, the shadows of moving objects are detected and removed based on the differences between the brightness distortion of shadows and moving objects relative to background.
VEHICLE DETECTION BASED ON EDGE MIXTURE GAUSSIAN MODEL
The observed pixels values in video sequence are regarded as a time series { } ( )
. It is assumed that one observed pixel value and the observation of other pixels in the same image are independent ， and the observed values of this pixel are independent identically distributed at different sampling time, in this case the identical distribution consists of K independent Gaussian components. The probability density function of the current pixel is defined
, ,
,
where , i t ω is the weight of the Gaussian distribution at time . 
Algorithm Description
The frame of edged mixture Gaussian algorithm is given by This algorithm consists of four parts: they are image preprocessing, edge mixture Gaussian model building, vehicle detection and model parameter updating, respectively. 1) Image pre-processing: image graying and edge information extraction. In this paper, canny operator (Castleman, 2003 ) is used to extract edge information. The steps are as follows: 1 : step Gaussian filtering: 2-d Gaussian filtering template is used to eliminate the noise in images.
:
step Gradient calculating: ( ) , P i j and ( ) , Q i j , the partial derivatives of image gray in two different directions are calculated by derivative operator, the value and direction of gradient is calculated too.
step Non-maximum inhibition: the gradient of edge can be approximately classified into four types: level, vertical, 45° and 135°, different neighbouring pixels' values are compared in these four directions to get a local maximum. If a pixel's gray value is not the maximum gradient, the pixel's value is set to 0, and namely not the edge and this process is called non-maximum inhibition. 4 : step Dual-thresholds detection and edge connection: The pixel which has a high intensity gradient may be the edge, but there haven't an accurate value to define the threshold intensity gradient as the edge, so Canny used delay thresholds to determine all the edge pixels. Delay thresholds need two thresholds, the high threshold 2 τ and the low threshold 1 τ , 
V
In the matching process, at the time t the current pixel value is checked against all the existing Gaussian distributions, if the pixel value is within 2.5 standard deviations of a Gaussian distribution, it can be regard as matching to one of the K Gaussian models.
3) The foreground object extraction 
Where, T is a threshold (0.5≤ T ≤1) which is the probability that the pixel appears to the background. In our experiments, is set to 0.8. T At the time , if the pixel value matches to one of the B Gaussian distributions, then the pixels is taken as the background point, otherwise it is regard as foreground.
There are some isolated noisy pixels in the foreground objects which generated from the edge-based mixture background model, so the basic operation of mathematical morphology is used to constitute a morphological filter to eliminate the isolated noisy pixels in foreground objects and reduce there disturbance. 
Model Parameter Updating
Matching condition , , 2.5
According to the condition that the current pixel value , i t x in the above formula, there are two update methods.
1) If the current frame pixel value ,
i t x matches at least one of the K Gaussian models then the parameters is updated by the following rules:
(A) The matched Gaussian distribution, the mean , i t μ and covariance matrix are update by the following formula: 
, 1 0 j i This parameter updating method makes the new static objects in the scene possibly to be absorbed as a part of background, if the new appeared pixel value is transient, the corresponding weight of Gaussian distribution will reduce slowly until a new moving object appears to replace it.
For the video images, whether the illumination intensity changes darkened or lightened suddenly, all the pixels value will change too. The traditional mixture Gaussian model probably mistake these changing pixels as foreground pixels, but the edge information is not obviously effected by the illumination intensity change, in this case the edged Gaussian modelling method can achieve an effective extraction of moving objects.
To sum up, the algorithm flow of object detection based on edged mixture Gaussian model is as follows: Gaussian model is initialized to 1, the weights of the other four Gaussian models are initialized to 0; the learning rate α =0.05 and ρ =0.05. Fig.2 is from a traffic video images, the first column is the original images, the second and the third column are separately background and foreground detected by mixture Gaussian modelling method, the forth and the fifth column are separately background and foreground detected by the edge mixture Gaussian modelling method, the numbers on the left indicates the frame in the video. From No. 61st frame every pixel value is increased 30 to make a sudden light change artificially, it can be seen that the mutational illumination intensity makes the values of all the pixels changing suddenly, these pixels are not matched with the first Β Gaussian distributions in the current background, and the background can not update in time, so these pixels are mistaken as foreground pixels, which make the foreground confused, and any moving objects can not be detected effectively. In this case, even to modify the learning rate or add the number of Gaussian models in experiments, the results are still unsatisfied. The edged mixture Gaussian model proposed in this paper can solve this problem better, it is demonstrated experiments that this method can detect the foreground objects effectively and accurately. 
Brightness Distortion
Moving vehicles and their following shadows have the same motion and significant differences from the background, so the shadow detection in this paper is based on these two visual features. Firstly, moving vehicles and their following shadows have the same motion, they can be detected as foreground object by edged mixture Gaussian modelling method; then taking the background as reference object, the shadow can be detected by the brightness distortion that the shadow is usually darker than background. 
If the current pixel value is the same as corresponding pixel value in reference background, i α is 1; i α is lower than 1 if it is darker than corresponding pixel, and higher than 1 if it is lighter than corresponding pixel. So the moving foreground with bright colour can be separated with shadow.
Shadow Detection Based on Brightness Distortion

1) Algorithm Description 1
Step : Build pixel model. In which Step : Calculate the i α for every pixel.
From the foregoing definition that:
α can be calculated.
The weight should be modified because the camera has different sensitivities to different colours. The standard deviation of colour channel,
be taken as the weight.
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In the actual situations, there is difference between the distribution of different pixel brightness changing and colour changing. To set the detection threshold conveniently, the brightness distortion deviation need to be normalized.
So the modified ˆi α is:
4
Step : Classify the pixels by model parameters.
After the foregoing steps, has been obtained, the pixels can be classified according to the value of as follows (Thanarat, Harwood, & Davis, 1999) : In this paper, moving vehicles and their following shadows have been detected as foreground object by edged mixture Gaussian modelling method, the only thing is to be done is to remove the shadows from the foreground. In the foreground the brightness of the shadow is often darker than that of the background pixel, in the other words thatˆ0 i α < , in this way the shadows of the vehicle can be detected and removed.
2) Algorithm Analysis
The key problem of this method using to classify the pixels is to select reasonable thresholds ˆi a 1 α τ and 2 α τ , the rationality and accuracy of thresholds would effect the shadow detection. So in this paper many experiments have been done to observe the distribution of , the following data come from the traffic video stream, for about 1000 images are taken to make actual measured statistic. From the statistic data above, of shadow pixels in foreground is much lower than that of moving vehicles, and the difference is significantly, so a threshold near zero can be selected to eliminate most shadows in foreground.
i a
In this paper, the edged mixture Gaussian modelling method detects foreground objects, and classifies the moving vehicles and shadows. The algorithm flew shows as Fig.4 .
First of all, to build a mixture Gaussian model in RGB space to get the mean of background =[
, to get the initial reference background by N frames median filter, and to build Gaussian models for every pixel. of every pixel of foreground objects in current image can be calculated and the foreground objects (including moving shadow) can be detected by using edged mixture Gaussian modelling method. At last to calculate , and classify moving objects and their following shadows in foreground. The principle to classify moving foreground and their following shadows in this paper is that their brightness deviations to background are different obviously. So the car with bright colour is clearly distinguished from background, and it is the brightness distortion is higher than 0, which is different from shadows greatly to be well separated moving car from the shadows. For the dark cars, the shadow can be well detected by the proposed method too, see as follows.
ˆi a (A)When the illumination intensity is high, the black cars reflect light strongly, theirs brightness deviation to background is high, and it is obviously different from the brightness deviation between the shadows and background. In different illumination intensity conditions, of black cars and their shadows are test separately, the distributions of these two are obviously different, and they are in different region, as Fig.6 and Table 4 In Fig.6 b1, there are 17 data of the 506 brightness deviation data of black cars are in the range of shadow in the experiments.
ˆi a From the data distribution in Table 4 , that the brightness deviations of dark cars and their moving shadows are in different regions, the shadows of the dark vehicles can be removed by selecting a reasonable threshold.
(B) When the illumination intensity is low and the shadows are unobvious, the unobvious shadows can be eliminated by edge detection algorithm with the edged mixture Gaussian model being used to detect foreground, as Fig.7 shows. 
